LEVEL OF DEttYDROGENASE ACTIVITY
Quantitative Method.--The levels of lactic dehydrogenase were determined quantitatively by the colorimetric method developed by Berger and Broida (1) . Each Berger-Broida unit o[ activity was equivalent to that amount of enzyme which caused a decrease of optical density, measured at 340 mu, of 0.001/minute in a reaction mixture of 3 ml.
Qualitative Method.--Lactic dehydrogenase was determined qualitatively by a modification of the colorimetric method of Berger and Broida (1) . Samples of the chorioallantoic fluids to be tested (0.1 ml.) were placed in the depressions of a disposo-tray (Linbro Chemical Company, New Haven) and 0.3 ml. of coenzyme-substrate solution was added to each fluid. The reacting systems were incubated for 1 hour at 37 °. Following incubation, 0.3 ml. of dinitrophenylhydrazine solution was added to each reactant. Mter 15 minutes at room temperature, 0.5 to 1.0 m]. of 1 N sodium hydroxide was added. Chorioallantoic fluids with minimal lactic dehydrogenase activities showed a dark brown color after several minutes; fluids possessing increased enzyme content did not change color.
To minimize false values caused by the release of lactic dehydrogenase by contaminating red blood cells, all eggs were chilled prior to the removal of chorioallantoic fuids.
RESULTS
The chorioallantoic sacs of a group of 11 day old chick embryos were inoculated with 0.1 ml. of a 10 -6 dilution of a stock suspension of the PR8 strain of influenza virus (ID60 = 10-8"5). Twenty-four hours after inoculation of virus, and at 12 hour intervals thereafter, chorioallantoic fluids were removed from each of 10 non-infected and 10 infected eggs. The levels of lactic dehydrogenase were determined quantitatively. The means of the values obtained are shown in Fig. 1 . The mean values for lactic dehydrogenase of the fluids from non-infected eggs did not vary significantly during the course of the experiment.
To determine the correspondence between the detection of virus by hemagglutination and by qualitative changes in lactic dehydrogenase content, a group of embryonate eggs incubated for 11 days was divided into several series of 10 eggs each. One series was used as a control. The remaining series were inoculated with 0.1 ml. of 10 -5, 10 -6, 10 -7, 10 -8, 10 -9, 10 -1° dilutions of stock virus. Seventy-two hours after inoculation, all eggs were tested simultaneously for the presence of virus by the ability of their chorioallantoic fluids to agglutinate chicken red blood cells and by qualitative changes in lactic dehydrogenase content of the fluids. A 1 : 1 correspondence was observed.
In another series of experiments, using the observations above, infectivity titers of stock suspensions of virus were determined by making tenfold dilutions o!. virus in physiological saline and injecting 0.1 ml. of each dilution into the chorioallantoic sacs of each of 5 eggs (2). Fluids were tested for infection 72 hours later by the presence of hemagglutinins and by qualitative changes in lactic dehydrogenase content. In these experiments identical infectivity titers were found (Fig. 2) . During the last several months routine infectivity titers in our laboratories have been determined by both hemagglutination and by the enzyme test; identical titers have been obtained in all tests. In the presence of an excess of pyruvic acid and DPNH the speed or rate of the reaction above is proportional to the amount of lactic dehydrogenase in the system to be tested. Because pyruvic acid reacts with 2,4-dinitrophenylhydrazine to form an intensely colored hydrazone we can accurately determine that part of the pyruvic acid that is not converted to lactic acid by lactic dehydrogenase.
By varying the amounts of chorioallantoic fluids and the times of incubation, parameters of a reacting system were established in which the concentrations of lactic dehydrogenase present in the fluids of non-infected embryonate eggs were sufficient to convert only minimal amounts of pyruvic acid to lactic acid. Under similar conditions, the high levels of lactic dehydrogenase present in fluids from infected eggs reduced completely the pyruvic acid to lactic acid. Thus the presence or absence of color in the reactants divides accurately noninfected (color present) from infected (color absent) embryonate eggs.
Several enzymes, including lactic dehydrogenase, have been reported to increase in human body fluids concurrently with infarction, neoplasia, hemolysis, and tissue injury (6, 7) . In general, these increases have been attributed to the liberation of intracellular enzymes from necrotic tissues. Cytopathology resulting from the synthesis of virus in the extra-embryonic membranes of the embryo or the action of toxic agents liberated during the growth of influenza virus in embryonate eggs (3) may be responsible for the increased amounts of lactic dehydrogenase in the chorioallantoic fluids.
An increased turnover of the pentose cycle with the simultaneous synthesis of lactic dehydrogenase functioning as a TPNH-oxidizing enzyme has been reported to occur in virus-infected chorioallantoic membranes (5). Simple diffusion or release from injured cells may account for the high levels of lactic dehydrogenase activity in chorioallantoic fluids of infected eggs.
SUM-t aARY
The relation between time and the levels of lactic dehydrogenase activity of chorioallantoic fluids from embryonate eggs infected with the PR8 strain of influenza virus were determined quantitatively. The mean values, based on 10 determinations for each time interval, followed a sigmoid curve, with the greatest rates of change occurring between 48 and 72 hours after the inoculation of virus. The activities of the fluids from infected eggs at the 72nd hour or later were approximately 18 times higher than those from non-infected eggs. Based on the data above, a qualitative test for the presence of infection with influenza virus was developed.
BIBLIOGRAPHY
